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(57) ABSTRACT

Systems and methods are provided for echo reduction. For
example, first audio data associated with a current time unit is
obtained, the first audio data being generated by an audio-
acquisition device of a receiver based on at least information
associated with a first audio signal acquired by the audio-
acquisition device and a second audio signal output from an
audio-playback device of the receiver, the second audio signal
being output from the audio-playback device of the receiver
based on at least information associated with second audio
data transmitted previously by a sender before the current
time unit; third audio data transmitted by the sender during a
second time unit preceding the current time unit is obtained;
and fourth audio data is obtained by performing echo reduc-
tion on the first audio data based on at least information
associated with the third audio data.

11 Claims, 6 Drawing Sheets
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1
SYSTEMS AND METHODS FOR ECHO
REDUCTION

CROSS-REFERENCES TO RELATED
APPLICATIONS

This application is a continuation of International Appli-
cation No. PCT/CN2013/088182, with an international filing
date of Nov. 29, 2013, now pending, which claims priority to
Chinese Patent Application No. 201310216306.6, filed Jun.
3, 2013, both applications being incorporated by reference
herein for all purposes.

BACKGROUND OF THE INVENTION

Certain embodiments of the present invention are directed
to computer technology. More particularly, some embodi-
ments of the invention provide systems and methods for sig-
nal processing. Merely by way of example, some embodi-
ments of the invention have been applied to audio signals. But
it would be recognized that the invention has a much broader
range of applicability.

With the development of voice communication technol-
ogy, voice communication over the Internet has become
increasingly popular. During voice communication between
two parties, audio signals are often transmitted by a sender
over the network to a receiver, and output from an audio-
playback device. Such audio signals often propagate through
air to an audio-acquisition device of the receiver, and are sent
back to the sender together with audio signals generated by
the receiver. Then a user using the sender can hear his/her own
voice which corresponds to echoes generated during voice
communication. To improve the quality of voice communi-
cation, echo reduction often needs to be performed.

Currently, echo reduction usually includes: audio data 1
transmitted by the sender at a current time is received by the
receiver and a copy of the audio data 1 is made. The audio data
1 is output from the audio-playback device to generate an
audio signal Al. The audio-acquisition device of the receiver
acquires at the current time audio signals which include an
audio signal B related to a user’s voice and another audio
signal A2 output from the audio-playback device. Audio data
2 are generated based on the acquired audio signals. Echo
reduction is performed on the audio data 2 based on the copy
of'the audio data 1 to generate audio data 3. Usually, there is
a delay for audio signals to propagate through air from the
audio-playback device to the audio-acquisition device. In
addition, the audio-playback device and the audio-acquisi-
tion device are associated with some delay factors. The audio
signal A2 corresponds to an audio signal output previously
from the audio-playback device before the current time. That
is, the audio signal A2 corresponds to an audio signal output
from the audio-playback device before the audio signal Al.

The above-noted conventional technology has some disad-
vantages. For example, as the audio signal A2 corresponds to
an audio signal output from the audio-playback device before
the audio signal A1, the audio data 3 generated by performing
echo reduction on the audio data 2 based on the copy of the
audio data 1 may still include echoes, no as to reduce the
echo-reduction efficiency.

Hence it is highly desirable to improve the techniques for
echo reduction.

BRIEF SUMMARY OF THE INVENTION

According to one embodiment, a method is provided for
echo reduction. For example, first audio data associated with
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2

a current time unit is obtained, the first audio data being
generated by an audio-acquisition device of a receiver based
on at least information associated with a first audio signal
acquired by the audio-acquisition device and a second audio
signal output from an audio-playback device of the receiver,
the second audio signal being output from the audio-playback
device of the receiver based on at least information associated
with second audio data transmitted previously by a sender
before the current time unit; third audio data transmitted by
the sender during a second time unit preceding the current
time unit is obtained; and fourth audio data is obtained by
performing echo reduction on the first audio data based on at
least information associated with the third audio data.

According to another embodiment, a device for echo
reduction includes the first acquisition module, the second
acquisition module, and the echo-reduction module. The first
acquisition module is configured to obtain first audio data
associated with a current time unit generated by an audio-
acquisition device of a receiver based on at least information
associated with a first audio signal acquired by the audio-
acquisition device and a second audio signal output from an
audio-playback device of the receiver, the second audio signal
being output from the audio-playback device of the receiver
based on at least information associated with second audio
data transmitted previously by a sender before the current
time unit. The second acquisition module is configured to
obtain third audio data transmitted by the sender during a
second time unit preceding the current time unit. The echo-
reduction module is configured to obtain fourth audio data by
performing echo reduction on the first audio data based on at
least information associated with the third audio data.

According to yet another embodiment, a non-transitory
computer readable storage medium includes programming
instructions for echo reduction. The programming instruc-
tions are configured to cause one or more data processors to
execute certain operations. For example, first audio data asso-
ciated with a current time unit is obtained, the first audio data
being generated by an audio-acquisition device of a receiver
based on at least information associated with a first audio
signal acquired by the audio-acquisition device and a second
audio signal output from an audio-playback device of the
receiver, the second audio signal being output from the audio-
playback device of the receiver based on at least information
associated with second audio data transmitted previously by a
sender before the current time unit; third audio data transmit-
ted by the sender during a second time unit preceding the
current time unitis obtained; and fourth audio datais obtained
by performing echo reduction on the first audio data based on
at least information associated with the third audio data.

For example, the systems and methods described herein are
configured to performs echo reduction through audio data
transmitted by a sender during a particular time unit preced-
ing a current time unit and another audio data generated by an
audio-acquisition device of a receiver during the current time
unit, and perform time alignment on the audio data acquired
and generated by the audio-acquisition device of the receiver
during the current time unit and the audio data associated with
the preceding time unit, so as to reduce a delay caused by
various factors and improve the efficiency of echo reduction.

Depending upon embodiment, one or more benefits may be
achieved. These benefits and various additional objects, fea-
tures and advantages of the present invention can be fully
appreciated with reference to the detailed description and
accompanying drawings that follow.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a simplified diagram showing a method for echo
reduction according to one embodiment of the present inven-
tion.
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FIG. 2 is a simplified diagram showing an execution envi-
ronment for echo reduction according to one embodiment of
the present invention.

FIG. 3 is a simplified diagram showing a method for echo
reduction according to another embodiment of the present
invention.

FIG. 4 is a simplified diagram showing a method for echo
reduction according to yet another embodiment of the present
invention.

FIG. 5 is a simplified diagram showing a device for echo
reduction according to one embodiment of the present inven-
tion.

FIG. 6 is a simplified diagram showing a device for echo
reduction according to another embodiment of the present
invention.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 is a simplified diagram showing a method for echo
reduction according to one embodiment of the present inven-
tion. This diagram is merely an example, which should not
unduly limit the scope of the claims. One of ordinary skill in
the art would recognize many variations, alternatives, and
modifications. The method 100 includes at least the processes
101-103.

According to one embodiment, the process 101 includes:
obtaining first audio data associated with a current time unit
generated by an audio-acquisition device of a receiver based
on at least information associated with a first audio signal
acquired by the audio-acquisition device and a second audio
signal output from an audio-playback device of the receiver.
For example, the second audio signal is output from the
audio-playback device of the receiver based on at least infor-
mation associated with second audio data transmitted previ-
ously by a sender before the current time unit. In another
example, the process 102 includes: obtaining third audio data
transmitted by the sender during a second time unit preceding
the current time unit. In yet another example, the process 103
includes: obtaining fourth audio data by performing echo
reduction on the first audio data based on at least information
associated with the third audio data.

FIG. 2 is a simplified diagram showing an execution envi-
ronment for echo reduction according to one embodiment of
the present invention. This diagram is merely an example,
which should not unduly limit, the scope of the claims. One of
ordinary skill in the art would recognize many variations,
alternatives, and modifications.

In some embodiments, the execution environment 200
includes a sender 201 and a receiver 202. For example, the
receiver 202 includes an audio-playback device 2021 coupled
to playback queue 2021', synchronous queue 2021" coupled
to playback queue 2021', an audio-acquisition device 2022
coupled to acquisition queue 2022', and an echo-reduction
module 2023 coupled to circular queue 2023'. In another
example, echoes are generated when an audio signal is trans-
mitted to the audio-acquisition device 2022 through the
audio-playback device 2021. In yet another example, the
echo-reduction module 2023 is used for reducing the gener-
ated echoes. Playback queue 2021', synchronous queue
2021", acquisition queue 2022', and circular queue 2023' can
beused in amanner such as described herein with reference to
FIGS. 3-6.

FIG. 3 is a simplified diagram showing a method for echo
reduction according to another embodiment of the present
invention. This diagram is merely an example, which should
not unduly limit the scope of the claims. One of ordinary skill
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in the art would recognize many variations, alternatives, and
modifications. The method 300 includes at least the processes
301-303.

According to one embodiment, the process 301 includes:
creating a synchronous queue. For example, the acquisition
queue contains user-generated audio data and remote audio
data. As an example, the remote audio data is associated with
an audio signal that is output from a playback queue during a
previous time unit and propagates through air to the audio-
acquisition device. In another example, the user-generated
audio data and the remote audio data constitute near-end
audio data in the acquisition queue. In yet another example,
due to a delay caused by the propagation of the audio signal
through air during the previous time unit, the near-end audio
data recorded in the acquisition queue at the current time and
the remote audio data output from the playback queue
acquired by a self-adaptive filter are not synchronized (e.g.,
not being recorded and output at a same time). In yet another
example, the synchronous queue is created to cache the play-
back queue. When the delay elapses, computation is made
using an echo-reduction algorithm on the audio data in the
acquisition queue and the cached audio data in the synchro-
nous queue to reduce echoes recorded in the acquisition
queue, in some embodiments.

According to another embodiment, the process 302
includes: obtaining sixth audio data transmitted by the sender,
and obtaining seventh audio data generated by the audio-
acquisition device. For example, during the creation and ini-
tialization of the synchronous queue, the audio data in the
current playback queue corresponding to the audio data trans-
mitted by the sender, and the audio data in the current acqui-
sition queue corresponding to the audio data acquired and
generated by the audio-acquisition device are obtained. In
another example, the audio-acquisition device is related to the
receiver.

According to yet another embodiment, the process 303
includes: inserting the seventh audio data generated by the
audio-acquisition device into the rear end of the synchronous
queue and inserting the sixth audio data transmitted from the
sender into the rear end of the synchronous queue. For
example, after the initialization of the synchronous queue, the
audio data obtained from the acquisition queue at the present
moment and the audio data obtained from the playback queue
at the present moment together constitute the length of the
synchronous queue at the present moment. In another
example, the length of the synchronous queue at the present
moment corresponds to the duration of the entire delay. In yet
another embodiment, the echo-reduction algorithm is then
applied based on at least information associated with the
audio data in both the synchronous queue and the acquisition
queue. In yet another example, the process of applying the
echo-reduction algorithm includes: obtaining audio data of a
same length (e.g., 20 ms) from a front end of the synchronous
queue and a front end of the acquisition queue respectively. In
yet another example, as the audio data (e.g., 20 ms) at the front
end of the synchronous queue is obtained from the current
acquisition queue, such audio data is the same as the audio
data (e.g., 20 ms) obtained from the acquisition queue, and
thus the echo-reduction algorithm may not eliminate the ech-
oes in these audio data. Similarly, the echoes may not be
eliminated from all audio data at the front end of the synchro-
nous queue obtained from the acquisition queue, in some
embodiments. For example, the audio data in the acquisition
queue is compared with the audio data at the front end of the
synchronous queue, and certain audio data with a same length
may be discarded, and the process of applying the echo-
reduction algorithm is not executed on these audio data. In
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another example, the computation using the echo-reduction
algorithm is performed for the audio data in the acquisition
queue and the audio data in the synchronous queue. The
computed audio data is transmitted to a receiving party, in
certain embodiments. Although the echoes cannot be elimi-
nated, the amount of the audio data in the acquisition queue
during the present cycle is not large and can be regarded as
negligible, for example.

According to yet another embodiment, when the process of
applying the echo-reduction algorithm begins again during a
next cycle, the audio data in the playback queue of the next
cycle is obtained and inserted into the rear end of the syn-
chronous queue. For example, the audio data in the acquisi-
tion queue of the next cycle is obtained. At the present
moment, the front end of the synchronous queue includes the
audio data in the playback queue obtained from the previous
cycle. As an example, the echoes in the acquisition queue
correspond to the audio data in the playback queue obtained
during the previous cycle. As another example, the near-end
audio data in the acquisition queue is aligned with the remote
audio data in the playback queue, and the echo-reduction
algorithm is performed on these audio data. The echoes in the
acquisition queue can be reduced based on at least informa-
tion associated with these time-aligned audio data, in some
embodiments.

In one embodiment, when creating the synchronous queue,
the audio data in the acquisition queue includes: an audio
signal AO output from the audio-playback device during the
previous time unit and a voice signal B1 from a user B during
the current time unit. That is, the audio data in the acquisition
queue at the present moment includes B1+A0Q. For example,
the audio data in the playback queue includes: an audio signal
Al obtained during the current time unit. That is, the audio
data in the playback queue at the present moment includes
Al. In another example, after inserting the audio data in the
acquisition queue and the audio data in the playback queue
into the synchronous queue, the audio data in the synchronous
queue includes B1+AO+Al. In yet another example, audio
data ofa predetermined duration of 20 ms is obtained from the
acquisition queue and the synchronous queue respectively,
and computation is performed using the echo-reduction algo-
rithm. In yet another example, the audio data at the front end
of'the synchronous queue and the audio data in the acquisition
queue are identical. The echoes in the acquisition queue may
not be eliminated, in some embodiments. For example, audio
data is extracted periodically from the acquisition queue and
the synchronous queue, and processed through the echo-
reduction algorithm until the audio data in the acquisition
queue in the current unit is processed and the echoes cannot
be reduced. In another example, the audio data in the acqui-
sition queue in a next time unit includes B2+A1, where Al
corresponds to the audio signal output from the audio-play-
back device at a previous time unit and acquired and obtained
by the audio-acquisition device after propagating through air.
In yet another example, the audio data in the playback queue
includes A2. In yet another example, audio data of a prede-
termined duration of 20 ms is obtained from the front end of
the acquisition queue and the front end of the synchronous
queue respectively, and computation is performed using the
echo-reduction algorithm. In yet another example, the audio
data in the acquisition queue includes B2+A1 (e.g., with the
duration 0f 20 ms). In yet another example, as B1+AO pop out
of the synchronous queue during the previous time unit, the
audio data extracted from the synchronous queue at the
present moment includes Al (e.g., with a duration of 20 ms).
In yet another example, the echo-reduction algorithm is per-
formed on B2+A1 to remove Al.
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FIG. 4 is a simplified diagram showing a method for echo
reduction according to yet another embodiment of the present
invention. This diagram is merely an example, which should
not unduly limit the scope of the claims. One of ordinary skill
in the art would recognize many variations, alternatives, and
modifications. The method 400 includes at least the processes
401-405.

According to one embodiment, the process 401 includes:
obtaining first audio data associated with a current time unit
generated by an audio-acquisition device of a receiver based
on at least information associated with a first audio signal
acquired by the audio-acquisition device and a second audio
signal output from an audio-playback device of the receiver,
the second audio signal being output from the audio-playback
device of the receiver based on at least information associated
with audio data transmitted previously by a sender before the
current time unit. For example, the process 401 includes:
obtaining audio data with a duration of one time unit from a
front end of an acquisition queue as the first audio data asso-
ciated with the current time unit. As an example, the acquisi-
tion queue is configured to store audio data generated by the
audio-acquisition device during the current time unit based on
at least information associated with the first audio signal
related to a user voice and the second audio signal output from
the audio-playback device of the receiver.

According to another embodiment, the process 402
includes: obtaining second audio data transmitted by the
sender during a second time unit preceding the current time
unit. For example, the process 402 includes: obtaining audio
data with a duration of one time unit from a font end of a
synchronous queue as the second audio data transmitted by
the sender during the second time unit preceding the current
time unit. In another example, the synchronous queue is con-
figured to store audio data transmitted by the sender during
multiple consecutive time units. In yet another example,
audio data associated with the current time unit transmitted
by the sender is stored at a rear end of the synchronous queue.

According to yet another embodiment, the process 403
includes: obtaining third audio data by performing echo
reduction on the first audio data based on at least information
associated with the second audio data. For example, the pro-
cess 403 includes: obtaining the third audio data by perform-
ing echo reduction through the echo-reduction algorithm on
the first audio data based on at least information associated
with the second audio data. As an example, echo reduction is
performed using an echo-reduction module (e.g., the module
2023). In another example, the process 404 includes: insert-
ing audio data transmitted by the sender during the current
time unit into a rear end of a synchronous queue. As an
example, audio data obtained at every time unit in the play-
back queue is inserted into the rear end of the synchronous
queue.

In one embodiment, the process 405 includes: in response
to a residue-echo coefficient associated with the current time
unit being larger than a predetermined threshold, obtaining
fourth audio data generated by the audio-acquisition device of
the receiver during a next time unit; obtaining fifth audio data
associated with a third time unit from a circular queue for
remote-audio-frame-similarity-alignment-and-computation,
the fifth audio data having a largest degree of similarity with
the fourth audio data; and using a position of the fifth audio
data in the circular queue for remote-audio-frame-similarity-
alignment-and-computation as a remote-input position of an
echo-reduction algorithm. For example, clock offsets or ini-
tial errors may lead to an excessive delay between the remote
audio data and near-end audio data, and the excessive delay
far exceeds the synchronization capability of the synchronous
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queue. As an example, a starting query position of the circular
queue for remote-audio-frame-similarity-alignment-and-
computation (e.g., in the echo-reduction module) needs to be
adjusted. In another example, the process for adjusting the
starting query position of the circular queue for remote-au-
dio-frame-similarity-alignment-and-computation includes:
(1) computing a first cross-correlation coefficient of the first
audio data and the second audio data, and computing a second
cross-correlation coefficient of the first audio data and the
third audio data. For example, cross-correlation calculations
are performed on output data of the echo-reduction algorithm
and the data obtained from the acquisition queue, and whether
near-end voice signals or other near-end audio input are
present in the near-end audio data. As an example, the first
cross-correlation coefficient Rxd of the first audio data and
the second audio data is calculated, and then the second
cross-correlation coefficient Rde of the first audio data and
the third audio data is calculated. In another example, the
process for adjusting the starting query position of the circu-
lar queue for remote-audio-frame-similarity-alignment-and-
computation further includes: (2) calculating a first signal
energy, iEnergy, of the first audio data based on the first audio
data, and calculating a second signal energy, iEnergy, of the
third audio data based on the third audio data. As an example,
the first signal energy and the second signal energy are cal-
culated separately using a predetermined algorithm.

In another embodiment, the process for adjusting the start-
ing query position of the circular queue for remote-audio-
frame-similarity-alignment-and-computation further
includes: (3) based on the first cross-correlation coefficient
and the second cross-correlation coefficient, determining
whether near-end voice signals or other near-end audio input
are present in the first audio data, and determining whether
echoes are present in the first audio data. For example, if the
first cross-correlation coefficient is less than a second prede-
termined threshold, and the second cross-correlation coeffi-
cient is larger than a third predetermined threshold, near-end
voice signals or other near-end audio input are determined to
be present in the first audio data. Otherwise, near-end voice or
other near-end audio input is determined to not be present in
the first audio data. In another example, if Rde>0.98f and
Rxd<0.1f, it indicates that there are people speaking near-end
or other near-end audio input in the first audio data. In yet
another example, when near-end voice signals or other near-
end audio input are present in the first audio data, it can be
expressed as: NearTalk=1. Ifnear-end voice or other near-end
audio input is not present, it can be expressed as: NearTalk=0.
In yet another example, if the first cross-correlation coeffi-
cient is 0, it is determined that the first audio data does not
contain echoes. In yet another example, if the first cross-
correlation coefficient is not 0 and there is near-end voice
signals or other proximal audio input in the first audio data, it
is determined that the first audio data does not contain echoes.
In yet another example, if the first cross-correlation coeffi-
cient is not 0 and there is no near-end audio signals in the first
audio data, it is determined that the first audio data contains
echoes. In yet another example, if the first audio data contains
echoes, it is expressed as Echo=1, and if the first audio data
does not contain echo, it is expressed as Echo=0. As an
example, when Rxd is O (i.e., the first audio data and the
second audio data are completely unrelated), it indicates that
the first audio data does not contain echoes. As another
example, when Rxd is not 0 and NearTalk is 1, it indicates that
the first audio data does not contain echoes. As yet another
example, when Rxd is not 0 and NearTalk is not 1, it indicates
that the first audio data contains echoes.
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In yet another embodiment, the process for adjusting the
starting query position of the circular queue for remote-au-
dio-frame-similarity-alignment-and-computation ~ further
includes: (4) obtaining the residue-echo coefficient computed
in a previous cycle, and computing the residue-echo coeffi-
cient for a current cycle based on the first signal energy,
iEnergy, the second signal energy, oEnergy, the condition of
the presence of near-end audio signals in the first audio data,
the condition of the presence of echoes in the second audio
data and the residue-echo coefficient. For example, the resi-
due-echo coefficient (EchoWorse) represents a cumulative
value of residue echoes obtained from and periodically
recorded according to a predetermined algorithm. In another
example, the residue-echo coefficient determines whether to
enter a process for secondary synchronization. As an
example, the process for calculating EchoWorse includes:
if NearTalk is 0, Echo is 1, oEnergy<0.1*iEnergy, and
EchoWorse>10, processing EchoWorse as:
EchoWorse=EchoWorse-2;
if NearTalk is 0, Echo is 1, and oEnergy<0.5*iEnergy, pro-
cessing EchoWorse as: Echo Worse++;
if NearTalk is 0, Echo is 1, and oEnergy>0.1*iEnergy, pro-
cessing EchoWorse as: Echo Worse=EchoWorse+2;
if NearTalk is 0, Echo is not 1, and oEnergy>0.1*iEnergy,
processing Echo Worse as: EchoWorse++;
if is 0, Echo is 1, oEnergy<0.1*iEnergy, and EchoWorse>2,
processing EchoWorse as: EchoWorse—-;
if NearTalk is 0. Echo is 0, and oEnergy>0.85*iEnergy, pro-
cessing EchoWorse as: EchoWorse=EchoWorse+2.

In some embodiments, the above processing of EchoWorse
includes:

if( NearTalk ==0)
if( Echo ==1)
if( oEnergy< 0.1*iEnergy )
if( EchoWorse> 10 )
EchoWorse= EchoWorse- 2;
Jelse if( oEnergy< 0.5*iEnergy )

EchoWorse++;
telse

EchoWorse= EchoWorse+ 2;

¥
¥
else
if( oEnergy> iEnergy )
EchoWorse++;
¥
¥
}
else
if( oEnergy< 0.1*iEnergy )
if( EchoWorse> 2 )
EchoWorse—-;
¥
else if( oEnergy> 0.85*iEnergy )
EchoWorse =EchoWorse+2;
¥
¥
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In some embodiments, the calculation method of
EchoWorse is determined based on at least information asso-
ciated with whether near-end spoken voice is present in the
first audio data, whether echoes are present in the first audio
data, the first signal energy and second signal energy.

According to one embodiment, the process for adjusting
the starting query position of the circular queue for remote-
audio-frame-similarity-alignment-and-computation further
includes: (5) if the residue-echo coefficient associated with
the current time unit is larger than the predetermined thresh-
old, waiting for a next time unit to obtain the fourth audio data
generated by the audio-acquisition device of the receiver
during the next time unit. For example, beginning from the
front end of the circular queue for remote-audio-frame-simi-
larity-alignment-and-computation, audio data with a prede-
termined duration is selected sequentially and cross-correla-
tion computations are performed separately for each selected
audio data together with the fourth audio data to obtain cross-
correlation coefficients. As an example, the audio data with a
largest calculated cross-correlation coefficient is chosen, and
a data position associated with the chosen audio data in the
circular queue for remote-audio-frame-similarity-alignment-
and-computation is used as a remote input position of the
echo-reduction algorithm. In another example, after the cal-
culation process for EchoWorse is completed, the EchoWorse
value is compared with a predetermined echo threshold.
Assuming that the predetermined echo threshold is 50, if the
EchoWorse value is larger than the predetermined echo
threshold, a secondary synchronization process is triggered to
modify the input position of data in the circular queue for
remote-audio-frame-similarity-alignment-and-computation
(e.g., in the echo-reduction module), in some embodiments.
For example, the circular queue for remote-audio-frame-
similarity-alignment-and-computation corresponds to a
buffer queue related to the echo-reduction module and is
configured to store data extracted from the synchronous
queue. As an example, when audio data with a duration of 20
ms is obtained from the synchronous queue, the audio data is
inserted into the circular queue for remote-audio-frame-simi-
larity-alignment-and-computation which stores audio data
with a total duration of 1 s from the synchronous queue.

FIG. 5 is a simplified diagram showing a device for echo
reduction according to one embodiment of the present inven-
tion. This diagram is merely an example, which should not
unduly limit the scope of the claims. One of ordinary skill in
the art would recognize many variations, alternatives, and
modifications. The device 500 includes a first acquisition
module 501, a second acquisition module 502, and an echo-
reduction module.

According to one embodiment, the first acquisition module
501 is configured to obtain first audio data associated with a
current time unit generated by an audio-acquisition device of
a receiver based on at least information associated with a first
audio signal acquired by the audio-acquisition device and a
second audio signal output from an audio-playback device of
the receiver, the second audio signal being output from the
audio-playback device of the receiver based on at least infor-
mation associated with second audio data transmitted previ-
ously by a sender before the current time unit. For example,
the second acquisition module 502 is configured to obtain
third audio data transmitted by the sender during a second
time unit preceding the current time unit. In another example,
the echo-reduction module 503 is configured to obtain fourth
audio data by performing echo reduction on the first audio
data based on at least information associated with the third
audio data.
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FIG. 6 is a simplified diagram showing a device for echo
reduction according to another embodiment of the present
invention. This diagram is merely an example, which should
not unduly limit the scope of the claims. One of ordinary skill
in the art would recognize many variations, alternatives, and
modifications. The device 600 includes at least a first acqui-
sition module 601, a second acquisition module 602, and an
echo-reduction module 603.

According to one embodiment, the first acquisition module
601 is configured to obtain first audio data associated with a
current time unit generated by an audio-acquisition device of
a receiver based on at least information associated with a first
audio signal acquired by the audio-acquisition device and a
second audio signal output from an audio-playback device of
the receiver, the second audio signal being output from the
audio-playback device of the receiver based on at least infor-
mation associated with second audio data transmitted previ-
ously by a sender before the current time unit. For example,
the second acquisition module 602 is configured to obtain
third audio data transmitted by the sender during a second
time unit preceding the current time unit. In another example,
the echo-reduction module 603 configured to obtain fourth
audio data by performing echo reduction on the first audio
data based on at least information associated with the third
audio data. In yet another example, the first acquisition mod-
ule 601 is further configured to: obtain the first audio data
associated with the current time unit from a front end of an
acquisition queue. In yet another example, the acquisition
queue is configured to store fifth audio data generated by the
audio-acquisition device during the current time unit based on
at least information associated with the first audio signal
related to a user voice and the second audio signal output from
the audio-playback device of the receiver.

According to another embodiment, the second acquisition
module 602 is further configured to: obtain the third audio
data transmitted by the sender during the second time unit
preceding the current time unit from a front end of a synchro-
nous queue. For example, the synchronous queue is config-
ured to store fourth audio data transmitted by the sender
during multiple consecutive third time units. In another
example, fifth audio data associated with the current time unit
transmitted by the sender is stored at a rear end of the syn-
chronous queue.

According to yet another embodiment, the device 600 fur-
ther includes: a creation module 608 configured to create the
synchronous queue, a third acquisition module 604 config-
ured to obtain sixth audio data transmitted by the sender and
obtain seventh audio data generated by the audio-acquisition
device, and a first queue insertion module 605 configured to
insert the seventh audio data generated by the audio-acquisi-
tion device into the rear end of the synchronous queue and
insert the sixth audio data transmitted from the sender into the
rear end of the synchronous queue. For example, the echo-
reduction module 603 is further configured to: obtain the
fourth audio data by performing echo reduction through an
echo-reduction algorithm on the first audio data based on at
least information associated with the third audio data. In
another example, the device 600 further includes: a process-
ing module 606 configured to, in response to a residue-echo
coefficient associated with the current time unit being larger
than a predetermined threshold, obtain fifth audio data gen-
erated by the audio-acquisition device of the receiver during
anext time unit; obtain sixth audio data associated with a third
time unit from a circular queue for remote-audio-frame-simi-
larity-alignment-and-computation, the sixth audio data hav-
ing a largest degree of similarity with the fifth audio data; and
using a position of the sixth audio data in the circular queue
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for remote-audio-frame-similarity-alignment-and-computa-
tion as a remote-input position of the echo-reduction algo-
rithm. In one embodiment, the device 600 further includes: a
second queue insertion module 607 configured to insert audio
data transmitted by the sender during the current time unit
into a rear end of a synchronous queue.

According to one embodiment, a method is provided for
echo reduction. For example, first audio data associated with
a current time unit is obtained, the first audio data being
generated by an audio-acquisition device of a receiver based
on at least information associated with a first audio signal
acquired by the audio-acquisition device and a second audio
signal output from an audio-playback device of the receiver,
the second audio signal being output from the audio-playback
device of the receiver based on at least information associated
with second audio data transmitted previously by a sender
before the current time unit; third audio data transmitted by
the sender during a second time unit preceding the current
time unit is obtained; and fourth audio data is obtained by
performing echo reduction on the first audio data based on at
least information associated with the third audio data. For
example, the method is implemented according to at least
FIG. 1, FIG. 3, and/or FIG. 4.

According to another embodiment, a device for echo
reduction includes the first acquisition module, the second
acquisition module, and the echo-reduction module. The first
acquisition module is configured to obtain first audio data
associated with a current time unit generated by an audio-
acquisition device of a receiver based on at least information
associated with a first audio signal acquired by the audio-
acquisition device and a second audio signal output from an
audio-playback device of the receiver, the second audio signal
being output from the audio-playback device of the receiver
based on at least information associated with second audio
data transmitted previously by a sender before the current
time unit. The second acquisition module is configured to
obtain third audio data transmitted by the sender during a
second time unit preceding the current time unit. The echo-
reduction module is configured to obtain fourth audio data by
performing echo reduction on the first audio data based on at
least information associated with the third audio data. For
example, the device is implemented according to at least FIG.
5, and/or FIG. 6.

According to yet another embodiment, a non-transitory
computer readable storage medium includes programming
instructions for echo reduction. The programming instruc-
tions are configured to cause one or more data processors to
execute certain operations. For example, first audio data asso-
ciated with a current time unit is obtained, the first audio data
being generated by an audio-acquisition device of a receiver
based on at least information associated with a first audio
signal acquired by the audio-acquisition device and a second
audio signal output from an audio-playback device of the
receiver, the second audio signal being output from the audio-
playback device of the receiver based on at least information
associated with second audio data transmitted previously by a
sender before the current time unit; third audio data transmit-
ted by the sender during a second time unit preceding the
current time unitis obtained; and fourth audio data is obtained
by performing echo reduction on the first audio data based on
at least information associated with the third audio data. For
example, the storage medium is implemented according to at
least FIG. 1, FIG. 3, and/or FIG. 4.

The above only describes several scenarios presented by
this invention, and the description is relatively specific and
detailed, yet it cannot therefore be understood as limiting the
scope of this invention’s patent. It should be noted that ordi-
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nary technicians in the field may also, without deviating from
the invention’s conceptual premises, make a number of varia-
tions and modifications, which are all within the scope of this
invention. As a result, in terms of protection, the patent claims
shall prevail.

For example, some or all components of various embodi-
ments of the present invention each are, individually and/or in
combination with at least another component, implemented
using one or more software components, one or more hard-
ware components, and/or one or more combinations of soft-
ware and hardware components. In another example, some or
all components of various embodiments of the present inven-
tion each are, individually and/or in combination with at least
another component, implemented in one or more circuits,
such as one or more analog circuits and/or one or more digital
circuits. In yet another example, various embodiments and/or
examples of the present invention can be combined.

Additionally, the methods and systems described herein
may be implemented on many different types of processing
devices by program code comprising program instructions
that are executable by the device processing subsystem. The
software program instructions may include source code,
object code, machine code, or any other stored data that is
operable to cause a processing system to perform the methods
and operations described herein. Other implementations may
also be used, however, such as firmware or even appropriately
designed hardware configured to carry out the methods and
systems described herein.

The systems’ and methods’ data (e.g., associations, map-
pings, data input, data output, intermediate data results, final
data results, etc.) may be stored and implemented in one or
more different types of computer-implemented data stores,
such as different types of storage devices and programming
constructs (e.g., RAM, ROM, Flash memory, flat files, data-
bases, programming data structures, programming variables,
IF-THEN (or similar type) statement constructs, etc.). It is
noted that data structures describe formats for use in organiz-
ing and storing data in databases, programs, memory, or other
computer-readable media for use by a computer program.

The systems and methods may be provided on many dif-
ferent types of computer-readable media including computer
storage mechanisms (e.g., CD-ROM, diskette, RAM, flash
memory, computer’s hard drive, etc.) that contain instructions
(e.g., software) for use in execution by a processor to perform
the methods’ operations and implement the systems
described herein.

The computer components, software modules, functions,
data stores and data structures described herein may be con-
nected directly or indirectly to each other in order to allow the
flow of data needed for their operations. It is also noted that a
module or processor includes but is not limited to a unit of
code that performs a software operation, and can be imple-
mented for example as a subroutine unit of code, or as a
software function unit of code, or as an object (as in an
object-oriented paradigm), or as an applet, or in a computer
script language, or as another type of computer code. The
software components and/or functionality may be located on
a single computer or distributed across multiple computers
depending upon the situation at hand.

The computing system can include client devices and serv-
ers. A client device and server are generally remote from each
other and typically interact through a communication net-
work. The relationship of client device and server arises by
virtue of computer programs running on the respective com-
puters and having a client device-server relationship to each
other.
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While this specification contains many specifics, these
should not be construed as limitations on the scope or of what
may be claimed, but rather as descriptions of features specific
to particular embodiments. Certain features that are described
in this specification in the context or separate embodiments
can also be implemented in combination in a single embodi-
ment. Conversely, various features that are described in the
context of a single embodiment can also be implemented in
multiple embodiments separately or in any suitable subcom-
bination. Moreover, although features may be described
above as acting in certain combinations and even initially
claimed as such, one or more features from a claimed com-
bination can in some cases be excised from the combination,
and the claimed combination may be directed to a subcom-
bination or variation of a subcombination.

Similarly, while operations are depicted in the drawings in
a particular order, this should not be understood as requiring
that such operations be performed in the particular order
shown or in sequential order, or that all illustrated operations
be performed, to achieve desirable results. In certain circum-
stances, multitasking and parallel processing may be advan-
tageous. Moreover, the separation of various system compo-
nents in the embodiments described above should not be
understood as requiring such separation in all embodiments,
and it should be understood that the described program com-
ponents and systems can generally be integrated together in a
single software product or packaged into multiple software
products.

Although specific embodiments of the present invention
have been described, it will be understood by those of skill in
the art that there are other embodiments that are equivalent to
the described embodiments. Accordingly, it is to be under-
stood that the invention is not to be limited by the specific
illustrated embodiments, but only by the scope of the
appended claims.

The invention claimed is:
1. A method for echo reduction, the method comprising:
obtaining first audio data associated with a current time
unit generated by an audio-acquisition device of a
receiver based on at least information associated with a
first audio signal acquired by the audio-acquisition
device and a second audio signal output from an audio-
playback device of the receiver, the second audio signal
being output from the audio-playback device of the
receiver based on at least information associated with
second audio data transmitted previously by a sender
before the current time unit;
obtaining third audio data transmitted by the sender during
a second time unit preceding the current time unit;
obtaining fourth audio data by performing echo reduction
on the first audio data based on at least information
associated with the third audio data; and
in response to a residue-echo coefficient associated with
the current time unit being larger than a predetermined
threshold,
obtaining fifth audio data generated by the audio-acqui-
sition device of the receiver during a next time unit;
obtaining sixth audio data associated with a third time
unit from a circular queue for remote-audio-frame-
similarity-alignment-and-computation, the sixth
audio data having a largest degree of similarity with
the fifth audio data; and
using a position of the sixth audio data in the circular
queue for remote-audio-frame-similarity-alignment-
and-computation as a remote-input position of an
echo-reduction algorithm;
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wherein the obtaining fourth audio data by performing
echo reduction on the first audio data based on at least
information associated with the third audio data
includes: obtaining the fourth audio data by performing
echo reduction through the echo-reduction algorithm on
the first audio data based on at least information associ-
ated with the third audio data.
2. The method of claim 1, wherein the obtaining the first
audio data associated with the current time unit generated by
the audio-acquisition device of the receiver includes:
obtaining the first audio data associated with the current
time unit from a front end of an acquisition queue;

wherein the acquisition queue is configured to store sev-
enth audio data generated by the audio-acquisition
device during the current time unit based on at least
information associated with the first audio signal related
to a user voice and the second audio signal output from
the audio-playback device of the receiver.

3. The method of claim 1, wherein the obtaining the third
audio data transmitted by the sender during the second time
unit preceding the current time unit includes:

obtaining the third audio data transmitted by the sender

during the second time unit preceding the current time
unit from a front end of a synchronous queue;

wherein:

the synchronous queue is configured to store consecu-
tive audio data transmitted by the sender during mul-
tiple consecutive third time units; and

seventh audio data associated with the current time unit
transmitted by the sender is stored at a rear end of the
synchronous queue.

4. The method of claim 1, further comprising:

inserting seventh audio data transmitted by the sender dur-

ing the current time unit into a rear end of a synchronous
queue.

5. A method for echo reduction, the method comprising:

obtaining first audio data associated with a current time

unit generated by an audio-acquisition device of a
receiver based on at least information associated with a
first audio signal acquired by the audio-acquisition
device and a second audio signal output from an audio-
playback device of the receiver, the second audio signal
being output from the audio-playback device of the
receiver based on at least information associated with
second audio data transmitted previously by a sender
before the current time unit;

obtaining third audio data transmitted by the sender during

a second time unit preceding the current time unit;
creating a synchronous queue;

obtaining fourth audio data by performing echo reduction

on the first audio data based on at least information
associated with the third audio data;
wherein the obtaining the third audio data transmitted by
the sender during the second time unit preceding the
current time unit includes:
obtaining the third audio data transmitted by the
sender during the second time unit preceding the
current time unit from a front end of the synchro-
nous queue;

wherein:

the synchronous queue is configured to store consecu-
tive audio data transmitted by the sender during mul-
tiple consecutive third time units; and

fifth audio data associated with the current time unit
transmitted by the sender is stored at a rear end of the
synchronous queue;
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obtaining sixth audio data transmitted by the sender;
obtaining seventh audio data generated by the audio-acqui-
sition device;
inserting the seventh audio data generated by the audio-
acquisition device into the rear end of the synchronous
queue; and
inserting the sixth audio data transmitted from the sender
into the rear end of the synchronous queue.
6. An echo-reduction device comprising:
a first acquisition module configured to obtain first audio
data associated with a current time unit generated by an
audio-acquisition device of a receiver based on at least
information associated with a first audio signal acquired
by the audio-acquisition device and a second audio sig-
nal output from an audio-playback device of the
receiver, the second audio signal being output from the
audio-playback device of the receiver based on at least
information associated with second audio data transmit-
ted previously by a sender before the current time unit;
a second acquisition module configured to obtain third
audio data transmitted by the sender during a second
time unit preceding the current time unit;
an echo-reduction module configured to obtain fourth
audio data by performing echo reduction on the first
audio data based on at least information associated with
the third audio data;
one or more data processors;
a computer-readable storage medium;
wherein one or more of the first acquisition module, the
second acquisition module, and the echo-reduction
module are stored in the storage medium and config-
ured to be executed by the one or more data proces-
sors; and
a processing module configured to, in response to a resi-
due-echo coefficient associated with the current time
unit being larger than a predetermined threshold,
obtain fifth audio data generated by the audio-acquisi-
tion device of the receiver during a next time unit;

obtain sixth audio data associated with a third time unit
from a circular queue for remote-audio-frame-simi-
larity-alignment-and-computation, the sixth audio
data having a largest degree of similarity with the fifth
audio data; and

using a position of the sixth audio data in the circular
queue for remote-audio-frame-similarity-alignment-
and-computation as a remote-input position of an
echo-reduction algorithm;

wherein the echo-reduction module is further configured
to: obtain the fourth audio data by performing echo
reduction through the echo-reduction algorithm on the
first audio data based on at least information associated
with the third audio data.

7. The device of claim 6, wherein:

the first acquisition module is further configured to: obtain
the first audio data associated with the current time unit
from a front end of an acquisition queue; and

the acquisition queue is configured to store seventh audio
data generated by the audio-acquisition device during
the current time unit based on at least information asso-
ciated with the first audio signal related to a user voice
and the second audio signal output from the audio-play-
back device of the receiver.

8. The device of claim 6, wherein:

the second acquisition module is further configured to:
obtain the third audio data transmitted by the sender
during the second time unit preceding the current time
unit from a front end of a synchronous queue;
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the synchronous queue is configured to store consecutive
audio data transmitted by the sender during multiple
consecutive third time units; and
seventh audio data associated with the current time unit
transmitted by the sender is stored at a rear end of the
synchronous queue.
9. The device of claim 6, further comprising:
a second queue insertion module configured to insert sev-
enth audio data transmitted by the sender during the
current time unit into a rear end of a synchronous queue.
10. An echo-reduction device comprising:
a first acquisition module configured to obtain first audio
data associated with a current time unit generated by an
audio-acquisition device of a receiver based on at least
information associated with a first audio signal acquired
by the audio-acquisition device and a second audio sig-
nal output from an audio-playback device of the
receiver, the second audio signal being output from the
audio-playback device of the receiver based on at least
information associated with second audio data transmit-
ted previously by a sender before the current time unit;
a second acquisition module configured to obtain third
audio data transmitted by the sender during a second
time unit preceding the current time unit;
an echo-reduction module configured to obtain fourth
audio data by performing echo reduction on the first
audio data based on at least information associated with
the third audio data;
one or more data processors;
a computer-readable storage medium;
wherein one or more of the first acquisition module, the
second acquisition module, and the echo-reduction
module are stored in the storage medium and config-
ured to be executed by the one or more data proces-
sors;
a creation module configured to create a synchronous
queue;
wherein:
the second acquisition module is further configured to:
obtain the third audio data transmitted by the sender
during the second time unit preceding the current time
unit from a front end of the synchronous queue;

the synchronous queue is configured to store consecu-
tive audio data transmitted by the sender during mul-
tiple consecutive third time units; and

fifth audio data associated with the current time unit
transmitted by the sender is stored at a rear end of the
synchronous queue;

a third acquisition module configured to obtain sixth audio
data transmitted by the sender and obtain seventh audio
data generated by the audio-acquisition device; and

a first queue insertion module configured to insert the sev-
enth audio data generated by the audio-acquisition
device into the rear end of the synchronous queue and
insert the sixth audio data transmitted from the sender
into the rear end of the synchronous queue.

11. A non-transitory computer readable storage medium
comprising programming instructions for echo reduction, the
programming instructions configured to cause one or more
data processors to execute operations comprising:

obtaining first audio data associated with a current time
unit generated by an audio-acquisition device of a
receiver based on at least information associated with a
first audio signal acquired by the audio-acquisition
device and a second audio signal output from an audio-
playback device of the receiver, the second audio signal
being output from the audio-playback device of the



US 9,414,162 B2

17

receiver based on at least information associated with
second audio data transmitted previously by a sender
before the current time unit;
obtaining third audio data transmitted by the sender during
a second time unit preceding the current time unit; and
obtaining fourth audio data by performing echo reduction
on the first audio data based on at least information
associated with the third audio data; and
in response to a residue-echo coefficient associated with
the current time unit being larger than a predetermined
threshold,
obtaining fifth audio data generated by the audio-acqui-
sition device of the receiver during a next time unit;
obtaining sixth audio data associated with a third time
unit from a circular queue for remote-audio-frame-
similarity-alignment-and-computation, the sixth
audio data having a largest degree of similarity with
the fifth audio data; and
using a position of the sixth audio data in the circular
queue for remote-audio-frame-similarity-alignment-
and-computation as a remote-input position of an
echo-reduction algorithm;
wherein the obtaining fourth audio data by performing
echo reduction on the first audio data based on at least
information associated with the third audio data
includes: obtaining the fourth audio data by performing
echo reduction through the echo-reduction algorithm on
the first audio data based on at least information associ-
ated with the third audio data.
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